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1.  INTRODUCTION 

CRACKS  IV  is  a  highly  versatile  computer  program  for  the 
calculation  of  crack  growth  rates  using  data  on  material  properties, 
load  sequence  and  crack  geometry.  Details  of  the  derivation  of  the 
formulae  used  in  the  program  have  been  given  previously1’2,  along 
with  Instructions  on  the  use  of  the  prograai1. 

This  Memorandum  Is  directed  towards  an  explanation  of  the 
procedure  required  to  implement  CRACKS  IV  to  convert  flight  load 
data  input  to  an  output  in  terms  of  crack  growth.  The  procedure  will 
be  illustrated  by  means  of  a  sample  calculation  of  the  crack  giowth 
rate  in  a  critical  area  of  fuselage  frame  26  of  the  Mirage  IIIO 
aircraft  (Appendix  1).  Details  of  the  aircraft,  the  geometry  of 
the  fuselage  frame  and  the  requirement  for  the  crack  growth  rate 
analysis  are  given  elsewhere*. 


2.  CRACK  GROWTH  MODELLING 

The  essence  of  a  crack  growth  program  is  to  calculate  the 
change  in  crack  length  resulting  from  the  application  of  a  single 
load  cycle  to  a  sample  with  an  existing  crack.  The  calculation  is 
made  repetitively  for  sequential  load  cycles  to  determine  the  time 
taken  for  the  crack  to  grow  between  designated  lengths. 

The  basic  materials  data  used  for  the  calculations  are 
generally  documented  in  the  form  of  a  da/dN  -  AK  relationship  (see 
also  Section  3).  In  order  to  calculate  the  increment  of  crack 
growth  per  load  cycle,  the  value  of  the  stress  intensity  factor 
(AK)  must  be  determined.  This  factor  requires  a  knowledge  of  the 
crack  length,  component  and  crack  geometry,  and  the  magnitude  of 
the  load  cycle  as  Indicated  in  equation  [1]. 

AK  *  An  >/ra  x  8  l 
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where 


AK  -  range  of  stress  intensity  factor 
Ac  -  cyclic  stress  range 
a  -  crack  length 
6  ■  geonetrical  factor 

The  above  procedure  takes  no  account  of  the  effect  on  subsequent  crack 
growth  of  large  stress  cycles  which  stay  produce  a  retardation  of  crack 
growth  rate.  This  retardation  effect  can  be  incorporated  into  the 
calculation  in  a  number  of  ways  as  will  be  described  in  Section  3. 


3.  INPUT  DATA  REQUIRED  FOR  CRACKS  IV 

There  are  four  basic  components  of  the  input  data  required 
to  service  CRACKS  IV.  These  are: 

3.1  Material  Data 


The  material  properties  required  by  CRACKS  IV  are  the  yield 
stress,  Oy,  the  fracture  toughness,  Kc»  and  the  rate  of  crack  growth 
as  a  function  of  stress  intensity.  A  typical  form  of  the  latter 
relationship  is  shown  in  Figure  1.  These  data  can  be  used  in  the 
program  with  a  variety  of  formats,  described  below,  which  arise  from 
alternative  descriptions  of  the  relationship.  If  raw  material  data 
are  available  it  may  be  more  convenient  to  enter  the  data  in 
tabulated  form. 

(a)  Paris  equation5 

This  equation  has  the  form 

35  ■  co(aK>”°  12 

specification  of  the  parameters  Cq  and  n^  being 
required  by  CRACKS  IV.  These  parameters  are  sometimes 
quoted  in  materials  data  books. 
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Walker's  equation  In  original  form  was  an  extension 
of  tha  Paris  equation  to  Include  the  influence  of 
the  stress  ratio,  R,  i.e. 
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However  CRACKS  IV  uses  the  following  equation 
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The  three  parameters  Cj ,  and  are  the  required 
input  to  the  program. 

(c)  Forman  equation7 

The  Forman  equation  has  the  form 


c2(ak) 

(i-R)K  -AK 
c 


which  takes  into  account  the  influence  of  the  stress 
ratio  R  and  the  fracture  toughness  Kc>  The  two 
parameters  C2  and  n^  and  the  material  fracture 
toughness  Kc  may  be  found  in  materials  data  books. 


(d)  Tabulated  data 

The  most  convenient  form  of  input  of  constant  load 
amplitude  da/dN  -  AK  data  is  tabulated  values.  A  maximum 
of  10  tables  of  da/dN  -  AK  values,  each  appropriate 
to  a  specific  R  value,  can  be  accepted  by  CRACKS  IV. 

The  program  has  the  capacity  to  carry  out  a  two 
dimensional  interpolation/extrapolation  on  the  log- 
linear  plot  of  da/dN  -  AK,  and  between  the  various  R 
values.  The  Influence  of  extrapolation  on  crack  growth 
prediction  has  been  investigated  in  an  earlier  study®. 
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Tabulated  values  are  normally  obtained  as  the  output 
of  analysis  of  the  experimental  values  of  constant  load 
amplitude  crack  growth  data  (a-N)  by  an  ARL  computer 
program  entitled  "DADN".  This  program  is  based  on  the 
A5TM  Standard  E64721  which  recommends  a  seven-point 
incremental  polynomial  method.  It  should  be  noted 
that  this  method  of  analysis  provides  averaging  which 
results  in  a  loss  of  data  range,  i.e.  if  twenty  a-N 
data  values  are  entered  in  "DADN",  then  fourteen 
da/dN  -  AK  values  only  are  determined. 

3.2  Load  Sequence 

The  load  sequence  is  commonly  described  in  terms  of  either 
turning  point  data  or  a  range-pair  table  (EFT) .  The  former  retains 
all  sequence  information  but  the  RPT  loses  some  of  this  information 
by  virtue  of  the  intervals  over  which  the  data  are  collected. 

Typically  AFDAS  (Aircraft  Fatigue  Data  Analysis  System) ,  the  source 
of  much  of  the  RPT  data,  is  read  after  each  flight. 

If  the  load  sequence  is  available  as  a  series  of  turning 
points,  it  is  used  most  simply  in  blocks  (e.g.  flights)  of  either 
max-mln  or  mean-amplitude  load  cycles.  Such  a  procedure  is 
computationally  inefficient  in  that  it  requires  both  large  core 
storage  and  CPU  time.  The  first  level  of  reduction  of  core  storage/ 
CPU  time  is  to  edit  out  all  cycles  which  will  not  contribute 
slgnf leant  crack  growth.  This  method  of  truncation  has  been 
discussed  in  Reference  8.  Programs  EDIT1  and  EDIT2  have  been 
developed  to  generate  edited  tabulations  of  data  appropriate  for 
input  to  CRACKS  IV  and  CRACKS  V  (see  below)  respectively. 

The  orginal  version  of  CRACKS  IV  stored  the  entire 
sequence  in  two  dimensional  arrays  in  the  central  memory  of  the 
computer.  However  for  long  sequences,  even  after  editing  out  the 
smaller  load  cycle's,  the  computer  central  memory  may  still  not  have 
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sufficient  capacity  to  store  all  turning  points.  The  author  therefore 
modified  CRACKS  IV  (renamed  CRACKS  V)  to  allow  segments  of  the  sequence 
to  be  read  consecutively.  This  results  in  a  small  increase  in  CPU 
time  since  all  load  data  must  now  be  read  a  number  of  times  rather 
than  only  once  as  in  the  original  version.  The  data  re-reads  arise 
from  the  repetitive  application  of  the  flight  sequence  until  the 
final  crack  length  is  reached.  The  increase  in  CPU  time  may  be 
offset  by  the  reduction  in  required  core  storage  since  only  a  small 
segment  of  the  total  flight  sequence  now  needs  to  be  stored  at  any 
one  time. 


If  the  data  are  only  available  in  RPT  format,  then  some 
sequence  information  has  already  been  lost.  If  the  RPT  summation  is 
over  a  single  flight  then  the  loss  of  sequence  information  is  believed 
to  be  of  little  consequence9.  However  the  gain  in  speed  of  analysis 
may  be  considerable.  Large  summation  periods  (e.g.  500  flights)  may 
offer  greater  gains  in  computational  efficiency,  but  this  is  balanced 
by  some  reduction  in  the  accuracy  of  the  crack  growth  prediction  due 
to  the  loss  of  sequence  information.  Such  sequence  information  is 
essential  for  the  calculation  of  the  retardation  effect  of  high  loads. 
Balancing  these  two  effects  (computational  efficiency/accuracy) 
requites  judgement  on  the  part  of  the  user  of  CRACKS  IV. 


All  load  information  must  be  entered  into  CRACKS  IV  in  the 
form  of  stresses.  The  ARL  version  of  the  program  includes  a  multiplier 
on  stresses  enabling  the  entire  sequence  to  be  factored  if  required. 

The  method  of  incorporating  this  factor  is  illustrated  in  the  example 
given  in  Appendix  1 . 


3.3  Geometric  Factors 

CRACKS  IV  as  originally  developed  provided  for  five 
different  crack  geometries.  These  are: 


(a)  a  through  crack  in  a  plate  with  a  finite  width 
correction  developed  by  Fedderson10  to  allow  for 
the  non-infinite  specimen  width; 
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(b)  a  tingle  through  crack  initiating  from  a  hole  in 
a  plate,  developed  by  Bowie11; 

(c)  as  (b)  for  a  double  through  crack; 

(d)  ASTM  compact  tension  specimen; 

(e)  Grumman  compact  tension  specimen. 

In  addition  CRACKS  IV  will  accept  a  constant  value  of  0, 
or  tabulated  values  of  0  as  a  function  of  crack  length  a. 

The  author  has  developed  a  further  option  which  allows  the 
insertion  of  an  equation  not  included  in  the  above,  e.g.  the  Liu 
solution  for  a  corner  crack12. 

In  order  to  make  accurate  crack  growth  predictions  for 
aircraft  structures,  suitable  stress  intensity  models  are  required. 

Tne  above  models  are  generally  adequate  for  simple  laboratory 
specimens,  e.g.  Fedderson's  model  has  proven  successful  in  defining 
the  influence  of  geometry  on  the  stress  intensity  of  centre  crack 
tension  specimens;  for  compact  tension  specimens,  both  the  ASTM  and 
Grumman  models  can  be  used  with  confidence  for  the  appropriate 
specimens.  However  these  models  cannot  be  justified  for  many  of  the 
complex  crack  geometries  found  in  aircraft  structures.  For  such 
situations  finite  element  analysis  could  be  carried  out  to  define  the 
influence  of  the  crack  geometry.  Nevertheless  this  is  inefficient 
and  unnecessary  when  one  considers  the  extensive  literature  available 
from  studies  of  stress  intensity  factors  and  the  influence  of  different 
crack  geometries.  While  it  is  often  difficult  to  find  a  solution 
already  formulated  for  the  geometry  under  consideration,  a  process  of 
superposition  can  usually  be  applied.  This  enables  the  stress 
intensity  of  a  complex  geometry  to  be  built  up  of  a  number  of  simpler 
models,  e.g.  the  Bowie  solution  can  be  thought  of  as  the  superposi t ion 


AN3WNH  IAO‘>  XV  UjanOOHHJVl 


-  7  - 


of  a  stress  intensity  solution  of  a  through  crack  upon  the  stress 
field  from  a  hole.  The  solution  of  an  embedded  crack  emanating  from 
a  hole  has  been  developed  using  the  above  process  and  is  described 
in  Appendix  2. 

The  transition  from  one  crack  geometry  to  another  must 
be  formulated.  The  author  has  chosen  to  employ  a  method  which 
follows  a  constant  B  value  which  passes  through  the  crack  length 
equidistant  from  the  two  endpoints.  This  may  be  illustrated  by 
reference  to  Figure  2  for  the  transition  from  a  corner  crack  to  a 
through  crack  emanating  from  a  hole,  i.e.  a  transition  from  the  Liu 
solution  (corner  crack)  to  the  Bowie  solution  (through  crack).  When 
the  crack  length,  a,  has  a  value  equal  to  the  material  thickness  t, 
it  is  assumed  that  the  crack  geometry  factor  has  a  value  midway 
between  the  Bowie  and  Liu  solutions  (point  E) ,  The  transition  between 
the  two  solutions  is  along  a  line  of  constant  B  passing  through 
point  E.  In  order  to  follow  this  process,  CRACKS  IV  is  commanded  to 
use  the  Liu  solution  for  crack  lengths  less  than  a  ,  to  use  a  crack 
geometry  factor  B£  for  crack  lengths  from  ag  to  and  to  follow 
Bowie  thereafter. 

3.4  Retardation  Models 


CRACKS  IV  contains  four  retardation  models  which  have 
been  proposed  to  take  account  of  the  reduction  of  crack  growth 
rate  occurring  after  the  application  of  a  high  load  (commonly 
referred  to  as  an  overload).  The  theories  behind  these  models 
can  be  found  in  references  1,  2  and  8.  These  models  are: 


(a) 


Wheeler1 3 

This  model  introduces  a 
which  factors  the  crack 
by  the  relationship 


ardation  parameter 
wth  rate  as  described 
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where 


(a  +  R 


V 


m 


■  extent  of  current  yield  zone 

■  distance  between  crack  tip  and  the  longest 
elastic-plastic  interface  caused  by  prior 
cycling 

■  a  shaping  parameter  which  must  be  determined 
experimentally  or  obtained  from  data  handbooks. 


It  has  been  suggested13  that  m  is  material  dependent, 
although  other  authors 9,1 “  have  reported  that  m  also 
has  load  dependence.  The  value  of  is  a  function  of 
whether  the  component  is  in  a  state  of  plane  stress  or 
plane  strain.  Reference  15  documents  a  technique  which 
evaluates  the  stress  state  appropriate  to  any  given 
geometry. 


(b)  Wlllenborg16 

Willenborg  effected  retardation  by  reducing  both  the 
maximum  and  minimum  stress  values  of  cycles  following 
an  overload.  The  amount  these  stresses  are  reduced 
is  expressed  as 


where 


o 

y 

8 


yield  stress  of  material 

geometric  factor  as  described  previously 

maximum  value  of  current  stress  cycle. 
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The  above  stress  reductions  have  the  effect  of: 

(1)  reducing  the  stress  ratio  R  leaving  AK 
unchanged;  or 

(11)  reducing  AK  for  R  ■  0;  or 

(111)  making  AK  and  S  both  equal  zero  when 

a2(max)<  °red 

This  model  in  its  standard  form  requires  no  additional 
input  parameters. 


(c)  Willenborg  modified17 


The  Willenborg  model  In  its  standard  form  implies  that 
for  an  overload  ratio  (Figure  3)  S  2,  no  crack  growth 
will  occur.  Experimental  data  havi  shown  crack  growth 
continuing  for  overload  ratios  in  excess  of  2.51*.  To 
overcome  this  contradiction,  Gallagher  and  Hughes17  modified 
the  Willenborg  model  by  introducing  the  parameter 


red  (due  to  Willenborg) 

where  $  accounts  for  the  effect  of  the  overload 
ratlc  just  producing  crack  arrest  (S),  and  K^  (K^  is 
the  threshold  value  of  the  stress  intensity  for  crack 
growth).  The  parameter  S  has  been  found*  to  be  both 
material  and  load  dependent  and  as  a  consequence  it 
cannot  be  expected  that,  in  general,  the  standard 
version  of  Willenborg  will  be  capable  of  accurate 
crack  growth  prediction.  It  must  be  noted  that  both 
of  the  Willenborg  models  can  only  be  used  with  da/dN  -  AK 
data  which  incorporate  the  influence  of  the  stress  ratio  R. 
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(d)  Grumman  crack  cloaura  model 
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This  model  introduce*  the  concept  of  an  effective 
•tress  range,  l.e.  the  difference  between  the  maxima 
■tress  and  that  corresponding  to  the  crack  closure/ 
opening  stress  (oc>.  Defining  a  closure  factor  (C^) 

as 


the  stress  ratio  effect  is  Modelled  by 

Cf  -  C-  +  (Cf  -  C,  )(1  +  R)P  [10] 

-I  r0  -1 

and  Cf  ,  Cf  and  p  are  constants. 

*0  -1 

The  above  equation  only  applies  for  crack  growth 
under  stabilised  conditions,  l.e.  no  retardation.  In 
order  to  take  retardation  into  account,  the  closure 
stress  is  modified  as  indicated  in  the  equation 


where 

Ry  ■  overload  plastic  zone  radius 

b  *1.0  for  both  aluminium  and  titanium 

o  ,  *  stabilized  closure  stress  for  overload  stress  o. 
cl  1 

o  _  ■  stabilized  closure  stress  for  stress  o. 
c2  2 

This  model  also  takes  account  of  the  effect  of  multiple 
overloads  by  means  of  the  equation 


N  »  -  1 

*i  +  <•  -  vV* 


sat 


TT> 


[12] 
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where  y  ■  the  ratio  of  the  closure  stress  after  the 
application  of  a  number  of  overloads  (N^)  to  the 
stabilised  overload  closure  stress. 

Yj  •  the  value  of  y  for  “  1 
Nsat  ■  the  number  of  overloads  beyond  which  further 
overloads  produce  no  increase  in  retardation. 


The  Grumman  model  was  found  to  have  similar  problems  to  the 
Wheeler  and  Willenborg  models  in  that  the  parameters  were  load  as  well 
as  material  dependent. 

It  was  necessary  to  substantially  modify  the  original  version 
of  the  crack  closure  model  In  CRACKS  IV  in  order  for  it  to  utilize  varying 
amplitude  cycle-by-cycle  load  data.  This  ARL-modified  version  of 
CRACKS  IV  has  been  designated  CRACKS  IVM. 

The  crack  closure  model  requires  that  the  constant  amplitude 

da/dX  -  AK  material  data  be  relevant  to  a  stress  ratio  R  «  0.  Consequently, 

If  the  constants  C.  ,  C.  ,  P  are  known  for  the  material  of  interest,  only 
f0  f-l 

the  Paris  constants  for  a  single  tabulation  of  da/dN  -  AK  are  required. 


4.  COWCLUSIOHS  AND  RECOMMEND AT I QMS 

Of  all  descriptive  forms  of  the  material  da/dN  -  AK  data, 
the  most  convenient  was  found  to  be  the  tabulated  data.  Efficient 
generation  of  the  above  data  is  best  achieved  by  converting  raw 
a  -  M  data  to  da/dN  -  AK  by  means  of  the  ASTM  seven  point  incremental 
polynomial  technique. 

The  use  of  varying  amplitude  cycle-by-cycle  load  sequence 
data  generally  requires  some  form  of  editing  in  order  to  keep 
computational  costs  to  a  reasonable  value. 
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A  study  by  the  author  has  evaluated  the  Bowie  solution  for 
through  cracks  and  the  Liu  formulation  for  corner  cracks  emanating 
fro*  holas  and  has  found  both  of  than  to  be  satisfactory.  If 
solutions  ara  required  for  crack  geometries  such  as  lugs  it  is 
recommended  that  Newman's22  solution  be  employed. 

Hone  of  the  retardation  models  la  CRACKS  IV  were  found  to  be 
satisfactory  In  their  original  form.  The  Wheeler,  Willenborg  modified 
•ad  Grumman  models  could  be  forced  to  provide  crack  growth  estimates 
close  to  experimentally  determined  values  if  parameters  appropriate 
to  each  model  were  made  dependent  on  material  properties  and  the  maximum 
stress  within  the  load  sequence.  This  parameter  dependence  cannot  be 
easily  obtained  for  either  the  Willenborg  modified  or  the  Grumman 
model  because  of  a  limited  data  base  for  these  models.  On  the  other 
hand,  the  Wheeler  model  has  been  used  so  extensively  that  published 
data,  from  which  the  parameter  dependence  can  be  obtained,  are  readily 
available.  It  is  therefore  recommended  that  the  Wheeler  model  be  used 
whenever  possible. 

Crack  growth  rate  is  so  highly  dependent  on  stress  level  that 
significant  errors  can  be  introduced  by  small  stress  uncertainties. 
Typically  a  10%  change  in  applied  stress  may  produce  a  50%  difference  in 
crack  growth  rate*.  In  a  practical  aircraft  structure  considerable 
effort  will  often  be  necessary  to  datermine  the  stress  levels  with 
sufficient  accurscy  to  ensure  that  the  crack  growth  rate  estimation  is 
meaningful. 
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APPENDIX  I 


PROBLEM  1:  CRACK  GROWTH  PREDICTION  FOR  CALIBRATING  WHEELER 
PARAMETER  a 


The  example  below  Is  used  to  illustrate  the  input  parameters 
and  output  data  of  CRACKS  IV  for  a  typical  calculation.  The 
calculation  was  conducted  in  order  to  calibrate  the  Wheeler  retardation 
parameter  a  against  experlnental  data.  A  centre-cracked  tension 
speciaen  (20  x  100  an  in  section)  was  wade  of  A7-U4SG-T651  aluminium 
alloy  with  an  initial  half-crack  length  of  10. 42  mm.  This  specimen 
was  loaded  under  a  cycle-by-cycle  sequence  consisting  of  24  basic 
flights  arranged  in  a  specified  manner  to  produce  a  200  flight 
sequence.  The  naximum  load  in  the  sequence  was  134  MPa.  EDIT1  was 
used  to  edit  the  sequence  suppressing  all  aaximum  loads  below  27  MPa. 
The  constant  amplitude  da/dN  -  AK  material  data  as  illustrated  in 
Tables  1,  2  and  3  were  derived  from  experimental  data  produced  at 
ARL  and  processed  through  the  program  DADN  as  described  in  Section 
3.1. 


The  threshold  stress  intensity  value  was  specified  as 
AKth  -  (2.1  x  10*)(1  -  R)  KPa*£ 

The  following  values  were  specified  as  input  to  CRACKS  IV: 

via 


K  -  48.6  MPa/a 

c 

a  -  458  MPa 

y 

A  final  half-crack  ‘length  was  specified  as  49  mm.  The  input  file 
is  documented  in  part  in  Table  4.  The  output  file  is  given  in 
Table  5. 
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PROBLEM  2 :  PREDICTION  OF  CRACK  GROWTH  FOR  HOLE  IN  MIRAGE  FUSELAGE 
FRAME  26 

In  this  problem  a  comparison  vas  made  between  theoretical 
calculations  of  crack  growth  from  CRACKS  IV  with  experimental  results 
from  a  specimen  simulating  a  section  of  the  bottom  of  the  Mirage 
fuselage  frame  26.  The  area  of  interest  had  a  material  thickness 
of  8  mm  and  hole  diameter  of  6  mm.  An  initial  crack  depth  of  0.36  mm 
was  assumed.  A  Wheeler  retardation  parameter  of  4.2  was  applied 
using  the  method  outlined  in  Section  3.4  with  the  curves  of  Reference 
14.  The  geometry  assumed  was  initially  an  embedded  crack;  a 
description  of  the  stress  intensity  for  such  a  crack  is  given  in 
Appendix  2.  The  method  of  incorporating  the  transition  from  embedded 
to  through  crack  is  that  as  described  in  Section  3.3,  although  in 
this  case  the  crack  was  Initially  embedded. 

As  stated  in  Appendix  2,  c/a  is  assumed  to  be  1.50  for  embedded 
cracks.  Conaequently  for  t  *  8  ■ 

d  •  6  mm 

and  taking  2a/t  ■  1.0  as  the  dimensions  of  the  crack  where  its  shape 
may  be  considered  as  either  embedded  or  through,  it  follows  that 
c  ■  4  mm  and  a  ■  2.67  an.  This  implies  a/d  ■  0.44  giving  B  ■  1.44 
from  Figure  4.  It  can  also  be  seen  from  Figure  4,  that  the  crack 
remains  embedded  from  the  initial  crack  size  until  a  =  2.1  mm,  it  has 
a  constant  8  value  of  1.44  until  a  ■  3.36  am,  whereafter  it  continues 
as  a  through  crack. 

The  material  and  load  sequence  was  as  described  in  Problem  1. 
The  maximum  stress  however  had  been  increased  to  330  MPa.  The  input 
file  for  CRACKS  IV  is  documented  in  part  in  Table  6.  The  output  file 
is  given  in  Table  7.  A  comparison  of  the  experimental  and  calculated 
crack  growth  is  shown  in  Figure  5. 
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APPENDIX  2 


SOLUTION  POR  THE  STRESS  INTENSITY  OF  AN  EMBEDDED 


CRACK  EMANATING  FROM  A  HOLE 


Reference  IS  recommends  the  following  formula  for  the  modelling 
of  a  symmetric  embedded  crack  emanating  from  a  hole: 

Stress  intensity  K  ■  M^(c/a)  x  M^e/a.a/t.S)  x  M2h^*®^KIe 


where 


For  c/a  S  1.0 


c/a  >  1.0 


■  front  face  surface  correction 

-  1  +  0.12(1  -  a/2c)2 

■  back  face  correction 

-  1.0  for  2c/t  <  0.5 

■  stress  field  correction 

■  the  stress  intensity  for  an 
embedded  crack  and  is  given  by 
the  following  equations. 


K_  ■  o/irc  x  — —  [008*6  +  (— )2sin20]lt 
Ie  ^ 

Kt  »  o/iia  x  —  [sin*0  +  (■^)2cos20],t 
Ie  ^  c 

Q  »  shape  factor  (Figure  6) 


s  intensity  ar 
c/a.  Table  8  shows 
a  function  of  6 


A2.2 


c/a  ■  1.50.  It  ia  therefore  assumed  that  embedded  cracks  will  stabilise 
at  this  value  of  c/a.  This  occurs  because  a  crack  with  a  large  difference 
in  stress  intensity  as  a  function  of  6  will  continue  to  change  shape  as 
the  crack  preferentially  grows  in  the  region  of  highest  stress  intensity. 
An  experimental  confirmation  of  this  is  illustrated  in  Figure  7. 

If  the  value  of  the  stress  intensity  is  assumed  to  be  independent 
of  8  for  c/a  •  1.50  then 

Q  ■  1.60 

■  aSva  x  0.790 

Furthermore,  the  following  equation  can  be  derived  from 
figures  supplied  in  reference  15. 

*2h  *  £  0. 170(H»/d  +  1,36J  toT  */d  s  0-15 

■  [  o.  naff  ft*  f°r  >0-15 

consequently 

K'RlexM2hxMbxMf 

•  Aoi/rra 

•  Ao/ita 


-  [dmbd  *  ia32]  ‘or  ./*  <.  0.15 

[  OAl&hi  +  °-7853]  ,ot  f  '  °-15 
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TABLE  1.  CONSTANT  AMPLITUDE  ^  -  AK  MATERIAL  DATA*,  R  =  0 
(A7-U4SG-T651) 


55ES1 


1411266. 
37KR746. 
3*42476. 
5756974. 
A  0<11927, 
6114541 . 
6290202. 
6171 181. 
64552R2. 
664411 1  . 
6810418. 
7107601. 
7600374. 
8063895. 
9618227. 


0.2S207K9K-08 
0. 10127 118-08 
0.11714218-08 
0.72616198—08 
0.82 50527K— OR 
O.K87V>O|F-08 
0.90166668-08 
O. 10500008-07 
0.11179378-07 
0.  12966028—07 
0.  15151398—07 
0.  1ROR101F.-07 
0. 28494 19R-07 
0. 697012 3E-07 
0.10311398-06 


0.1 199211 K+OR  0.20607178-06 
0.12783078+98  0. 26404298-06 

0.1 34231 28+08  0. 3174021 8-06 
0. 14573188+OR  0.42633078-06 

0.1 5954678+09  0.52036708-06 

0 . 1641 250K+0R  0.55964288-06 

0.2007  7  658+08  0.94972578-06 

0. 20493408+08  0.10079398-05 

0.20089898+08  0.12546798-05 

0.21611958+09  0,14523108-06 

0. 22450098+08  0.17045768-05 

O.235196OR+08  0.20122598-05 

0.24131438+08  0.22666668-05 

0.24906978+08  0.28166008-05 

27.2727386  0.6198-5 
31.81R18E6  0.36777018-4 

36.3636486  0.350172RE-3 
40.9090986  0.5049506E-2 
45.4545586  0.1036146 


*  Input  file  as  required  by  CRACKS  IV  for  tabulated  material  data. 


First  line 

Second  line 

Third  and 

subsequent  lines 


No.  of  lines  of  data  values 

Pairs  of  AK(Pa»/m)  and  —  (m  cycle  * )  values 
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TABLE  2.  CONSTANT  AMPLITUDE  da/dN  -  AK  MATERIAL  DATA,  R  =  0.2 
(A7-U48G-T651) 


■N  v  ' 

"  i 


2.**0«7 1  7  - 
2837)85. 
29322H3. 
30033f>9. 
3076432. 
3236870. 
5142188. 
5418546. 
5467171. 
5438517. 
5 8882 4 1 . 
5849970. 
6167458. 
6453030. 
6552214. 
6773514. 
7054406. 
7280)66. 
7900264. 
8374838. 
9080572. 
9520765. 


o.  i7040‘nr-o<! 

0.  1788651 F-os 
0.  204 1  6R5F— OR 
0.2161 SROF-or 
0.2270220F.-O8 
0. 25089 10K-08 
0. 73834978-08 
0.81  14286F-.-OH 
0,857857  1  E— OR 
0.  97H57 1 4h— 08 
0.  105071  4F.-07 
0.11107148-07 
0.  1402R57F.-07 
0.  1674750F-07 
0.  101499OF-O7 
0.2257448F.-O7 
0.  26RRR5 1 F— 07 
O.  32534  IOF.-07 
0.50584828-07 
0.690)5708-07 
0.  979865 1F.-07 
0.  1  2228O0F— 06 


0.1 1600R2K+08  0.2342857F-O6 

0.1280848F+O8  0.3224219F-O4 

0.1349662K+0R  0.406071 5F-04 

0.1427173E+08  0.4907144F-06 

0.1544440F.+OR  0.6674244F-O6 

0.175481 1 E+08  0.9700278E-06 

0. 1793710E+08  0. 10431 32F.-05 

0.1834195K+0R  0. 1097024F.-O5 

0.1934058E+08  0. 144007RF-05 

.03205K4  0.  l6‘J5190E-5 

•  03846F.6  0.619E-5 

•  04487F.6  0.36777E-4 

.05128E6  0.350172E-3 

•  05769F.6  0.5049506F.-2 

•  06410F.6  0.1036146 
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TABLE  3.  CONSTANT  AMPLITUDE  da/dN  -  AK  MATERIAL  DATA,  R  =  0.7 
(A7-U4SG-T651) 


O.A‘»<i‘iSS| 
27.00000 
2365061 . 
242*505. 
2404«53. 

4 1 7667* . 
4337826. 
468026O. 
4850378. 
502R'»RA. 

5210999, 

5435502. 
5714171. 
6051183. 
6272433. 
66QS376. 
7671062. 
8037057. 
0002664. 
9621431 . 
90927*2. 

0. 104701 2  l.+OR 
0.113O393K+0S 


1 2100000 
14500000 
1 60Q0000 
19*00000 
22700000 
25000000 


0.16051901;. 
0.61900340 
0. 3677701 K- 
0.3501729F.. 
Q.5049  506K' 
0.1036146 


197047or-o9 

2 1 607 1 2K— o* 

22R9296F.-OR 

H707143E-0* 

J0092R6E— 07 

1592R57F.-07 

1H26745E-07 

2107°12E— 07 

24*3'»2*E-07 

30051  28F.-07 

358376^.-07 

4607704E-O7 

543290RF.-07 

7653572F-07 

1473751  E— 06 

1752R77E-06 

3074045K-06 

4123K01E-O6 

50R2055K-06 

6045087E— 06 

1  2  •»  3500  p-05 

-5 

-5 

-4 

-3 

-2 
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TABLE  4.  INPUT  FILE  FOR  CRACKS  IV  FOR  PROBLEM  1.  FOR 
KEYWORD  DEFINITION.  SEE  REFERENCE  3. 


title 

1 

SPECIMEN  20  MM  THICK  COT  17. 0"  MPA/C 

equation 

h-da/on 

MATERIAL 

ALUMINIUM  ALI.OY 

48.6F.6  458. OKA 

THRESHOLD 

2.IK4  J.n 

LIMITS 

O.OJ042  0.0  0.0  1.00 
ANALYSIS 

RETARD  1  0  t. SO  1  0 

BETA  2  0.100  0.01042  0.050 

F.m 

LOADS 

110  I  SWISS  SEOIIF.NCF.S  SPECIMEN  04) 

*  1.000 
MAX-MIX' 

0.1<l747OOE+OR  O.OOOOOOOE+nn  1 

0.3594000R+08  0.1797000E+OS  1 

0.35D4OOOE+OR  0.17070008+08  1 

0.71RR000E+0R  0.2A°S500V>08  1 

0.53"tooOE+OR  0.1707000F.+08  1 

0.62R9500E+OR  0.35940008+08  1 

0 . 539 1000E+0R  0.3594000E+OR  1 

0.80R6500E+08  0.62R9500F.+08  1 

0.R0RA50OE+0H  0. 5301 000F.+08  1 

0.62R9500E+08  0.44825D0E+0R  1 

0.71 R8000E+0R  0.2695500E+0R  1 

0.53O1000E+0R  0.1797000E+0R  1 

0.9883500E+OR  0.3594000F.+0R  1 

0.9R83500F.+08  0.3594000E+08  1 

0.80R65O0E+0R  0.5391000E+08  1 

0.R9R5000E+QR  0. 1 797000F.+08  1 

0.3584000E+08  0.1797000E+0S  1 

0.IJ68050E+09  0.5301000F.+08  1 

0.80R6500E+0R  R985000.  1 

0.44925O0E+OR  0. 1707000E+08  1 

0.11 680  50E+0Q  0.1797OO0F.+0R  l 

0.35^40008+08  -0. 35D4000E+OR  l 

0.8885000E+08  8985000.  1 

0.53910008+08  0. 1 797000E+0R  1 

0.107R200E+00  0.2605500K+08  l 

0.519 I00OE+08  0.2495500E+08  1 

0. 8006 500 K+OH  0,260550084.08  1 

0.8086500E+08  0.35940008+08  I 

o.  10782008+00  n,  i797onnr.+op  1 

O.628O500E+08  0.|  70700004.05  1 

O, '»'»»;  35008+08  H085O00.  | 

O.  35940008+08  0, 1 707000F+D8  1 

0 . 4 '•'•25'  >08+08  808500(1.  1 

END 

*  This  is  the  stress  multiplier  factor. 


,•  ->  V  V  V  "  « 


_  _  . .  aCkajva  luaniAiuaAAn  i  y  na<wii\a-iTu  _  — . 

«•  .  -  "*■3,"''  ;  ■■  .  » *\  •»  i  •  «--•  1, 
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TABLE  4.  CONTINUED 


MAX-MISS 

0.1<l7f>700K+0« 

o.3V>4nnoF,+n4 

n. 3S"4000F.+08 
0.3504000EVWI 

o. 71RRO'>ov>or 
0.53Q1  WOE+OA 
0.62S'.i50nE+0R 
0.5391000E+0* 
O.A08ft500F*OR 

n. An«65oon+OA 

0.62R0500F>nA 

0.53'UOOOK+OA 

o. 35o4oooe+or 
0.53P1000F.+0R 
0.42R9500E+08 
0.5391000E+OR 
0.44R2500E+flR 
0. 3594OQOK+0R 
0.3594000K+08 

ENn 


o.  nononnn+on 

0.  1797000K+0* 
n.i7R7nnoE-fn* 
0. 1  7q7000F4-0R 
0.2405500F.+OA 
0.  J  7'>7000E+OR 
n.3594nnnE+0A 
0. 3S94000E+0A 
O.A2R9AOOE+OR 
0.S3R10O0E+0A 
0.44025 

n. l707O(V)E+OR 
0.17070O0F.+0* 
0.1797000E+OA 
0.3504000E+08 

o. i7P7oooF.+nn 
0.17O7000E+OR 
0.1707000E+OR 
0.1707000E+OR 


atHHxa 


TABLE  5.  OUTPUT  FROM  CRACKS  IV  FOR  PROBLEM  1. 


CRACKS— IV  VERSION  1,  04/26/70 

ARL  ADAPTATION  -  JANUARY 

case  i  run  i 
Swiss  spEcnrw  nun 

DIRECT  INPUT  OF  DA/ ON  VS  DF.LTAK  FOR 
ALUMINIUM  ALLOY 


I‘..m.  KNC.ir  fi>. 


several  values  nr  stitss  ratio  i-, 


KSUBi)  »  4.BA/X)F.*07  YIELD  STRESS  -  4.SROOE+OR 
THKESMOI.lt  DELTA  K  •  2.  W00E+<>6*(  I  .O-  1.000*1!) 


INITIAL  HALF  CRACK  LENCT1I  -  I.0420E-02 

Initial  cycle  nuhrek  -  o.oo 
K  ClC'lEK  .  n.RSn 

AUTOMATIC  UNr.ETARfH.ll  SOLUTION  SUPPRESSED 
WIlUELEk'S  RETARDATION  MODEL  WITH  SMAI.I.M  -  0.710 
PLAIT.  STRAIN  YIELD  7.0NE  CONDITION  ASSI-IED 
CORRECTION  FACTOR  HETAf  2  >  IS  El  SITE  IflOTU  OWrCTlO*: 
BFTA(2)  «  SOi:T(SKC(Pl*A/K)) 

WHERE  THE  EFFECTIVE  PLATE  WIDTH  ti  -  )  .OnoOF-n] 

applied  from  a  •  i.o*2or-o2  to  a  «  4.900.^-02 
MULTIPLICATION  FACTOR  •  I. 000000 

SWISS  SEOHENCES  SPECIMEN  (241 

40  H LOCKS  IN  SPECTRUM 


ESI)  OE  INPUT 

********** CRACKS  IV  ANALYSIS********** 

SWISS  SEOHENCES  SPECIMEN  (24) 


flt 

msi; 

LYR 

CYCLES  A 

delta  e 

V  MAN 

ha 

Rl'TA'MI 

1 

14 

1 

1.0 

0.0104 

.V.MF.*ft? 

.V.HE+07 

2.H7^F-rvi» 

1.000 

1 

14 

2 

2.0 

0.0)04 

.5016*07 

.831007 

l.r^or.-np 

1.0' 10 

1 

14 

3 

3.0 

0.0104 

.501007 

.66800? 

S.4V*K-0«i 

0.710 

1 

14 

4 

4.0 

0.0104 

.501007 

.00Rr+07 

0.711 

1 

14 

5 

5.0 

0.0104 

.501 K*07 

.66HE+07 

5.4P7e;-0<) 

0.711. 

1 

14 

r> 

6.0 

0.0IU4 

.114E+07 

.668007 

?.60?K-0«i 

0. 7  1 1 

l 

14 

7 

7.0 

0.0104 

.66HE+U7 

,10'IK+flS 

2.rU7F-OH 

1 , /!<  HI 

1 

14 

8 

8.0 

0.0104 

.134 r*o7 

,  668r+'  1 7 

l 

0.54-1 

1 

14 

9 

8.0 

0.0104 

•501E*O7 

.8116*07 

K.nvyio 

0.70  1 

END  OF  SF.CMF.NT 

inn 

OF 

BLOCK  1 

CPAOF 

LKNOTif 

m 

|.0164r-n7 

ES’ll  OF  SFC’rNT 

200 

OF 

HLOCK  1 

CKACK 

IF. '1C  TH 

» 

1 ,0711 1— 07 

END  OF  HLOCK 

1 

CRACK  LENGTH 

-  1 . 07 ii r— 07 

0 ROUTH  THIS 

RLOCK 

m 

3.1056E-04 

TOTA1 

GUOi/T'l 

m 

l.ioscr-cv. 

END  Of  SECANT 

|00 

or 

RLOCK  2 

CKAfV 

1  .t‘vrTii 

* 

1  .n<'7nr-ri'* 

i.s  i  or  sec.mlnt 

200 

OF 

block  7 

crac* 

l.rvCT" 

1 ,|M17K-"7 

LN"  OE  8L0CK 

2 

CRACK  t.C.NOTM 

•  Ul‘ 

-S7^-*? 

CROii/TII  THIS 

BLOCK 

■ 

3.2671  E-04 

TOTAI 

r;f'  l'.Pi 

6.16781  -  ,i 

ESI)  OE  sr.r.  iENT 

inn 

OF 

BLOCK  3 

r»!Ar»' 

l.'*VTn 

1 . 1  ■’  1  i.r- .  ■ 

END  (Jf  StOMLST 

200 

OK 

BLOCK  3 

CHAO 

1>»;r:Tu 

1 .14  ' '■ 

ISO  OE  I1I.OCK 

3 

CRACK  LPVrni 

-  1 . 1 

,  ifcl  —  »■> 

GROWTH  THIS 

BLOCK 

* 

3. 4 8 HOE-DA 

TOTAI 

r.vry,’  1  ■? 

* 

"  .  H11*.  K—  , 

K  NO  OE  SEGMENT 

|0i 

OF 

BLOCK  4 

r«  \^' 

1  ‘  '  r" 

m 

1.157*  - 

1  Mi  OE  SlCMI.NT 

2o  > 

OK 

BLOCK  4 

OK  \r»* 

i  •  ;a.i 

m 

1.17*.  |<  -  7 

END  oE  Bl.oCK 

4 

CRACK  1>  ,C1 1* 

-  1*  17 

!!—•:* 

TkcJ.TM  Tills 

ill  (K  1 

m 

3.7111*— m 

T'O  M 

* ■»•«»  n» 

« 

1. 1*.  '?■  -  • 

Reproduced  Irem 
ben  available  copy. 


m 

m 

m 

JSMiWXd  1N3WNM3AOO  Vt  aiOOaOUHJH 
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TABLE  4.  CONTINUED 


■M. 

r^r 


KNll  LOADS 
SFKCTKUM 
200  1 


14 

10 

h 

11 

15 

16 

17 

21 

23 

13 

11 

22 

24 

5 

12 

1« 

14 

5 

23 

13 

3 

6 

21 

17 

11 

13 

15 

24 

21 

11 

23 

22 

7 

11 

22 

6 

10 

14 

16 

5 

14 

23 

n 

23 

17 

15 

14 

16 

1 

lMH 

KNO  U\T\ 


38*33X3  1N3WNM3AOD  J.V  OaOOQOHdJb 


TABLE  5.  CONTINUED 


K«ptoduc«d  Ifow 
bail  ivarUbta  copy. 


t. 


B’ iv 


.r 


a 


»;::•>  of  si:» -  t 

|0o 

i  j* 

H|/X  "  t. 

r 

* 

l .  i r. 

•Vj**:.--.; 

f  NO  OF  SKr.  :i  ':T 

2'M 

or 

BLr'Cc  '> 

r'>\r>  \yr.T" 

3 

end  of  >iucv : k 

5 

Cp.\(:<-  LENGTH 

•  1.T1F.7  r-m 

' 

GROWTH  PUS 

BLOCK 

* 

4.0A]7f-04 

T'>T-\L  GKO!  T” 

W 

1.7GAor_ni  / 

.  •  ■  ‘ 

END  OF  SEGMENT 

100 

OF 

BLOCK  * 

CRACK  LENGTH 

« 

1  .  JRRpr-^i 

■'M:  ■ 

END  OF  SEGfff-.NT 

200 

OF 

BLOCK  A 

CRACK  LENGTH 

• 

1 .2A32F-0? 

END  OF  BLOCK 

6 

CRACK  LENGTH 

-  1 . 2632F— 02 

GROWTH  P1IS 

BLOCK 

« 

4.44ASE-04 

TOTAL  GROITTH 

• 

2.21 1SE-03 

i 

END  OF  SECMENT 

100 

OF 

BLOCK  7 

CRACK  LENGTH 

1.2BSSF-G2  1 

/^*>*.7-‘  ■  *i‘  *■' 

END  OF  SEGMENT 

200 

OF 

BLOCK  7 

CRACK  LENGTH 

m 

1.3125E-02 

.£  -v..m  ♦• : 

END  OF  BLOCK 

7 

CRACK  LENGTH 

-  1 . 31 25F.-02 

GROWTH  THIS 

BLOCK 

* 

4.9391E-04 

TOTAL  GROWPl 

• 

2.70SSE-03  t 

END  OF  SEGMENT 

100 

OF 

BLOCK  B 

CRACK  LENGTH 

m 

1.337SE-02 

END  OF  SEGMENT 

200 

OF 

BLOCK  B 

CRACK  LENGTH 

m 

1 . 3A7AE-02 

END  OF  BLOCK 

B 

CRACK  LENGTH 

-  1 . 3676F.-02 

GROWTH  THIS 

BLOCK 

- 

5.5040E-O4 

TOTAL  GROWTH 

- 

3.2SA4F.-03  j 

END  OF  SEGMENT 

100 

OF 

BLOCK  4 

CRACK  LENGTH 

IB 

1.39S4E-02 

END  OF  SEGMENT 

200 

OF 

BLOCK  0 

CRACK  LENGTH 

. 

1.42R1E-02 

END  OF  BLOCK 

9 

CRACK  LENGTH 

-  1 .4291 E— 02 

GROWTH  THIS 

BLOCK 

m 

f>.  14B2E— 04 

TOTAL  GROWTH 

■ 

3.B712E-G3 

END  OF  SEGMENT 

100 

OF 

BLOCK  in 

CRACK  LENGTH 

. 

] .AAOir-n? 

END  OF  SECMENT 

200 

OF 

BLOCK  10 

CRACK  LENGTH 

S 

l.AOOiE-O? 

END  OF  BLOCK 

10 

CRACK  LENGTH 

»  I.4944E-02 

GROWTH  THIS 

BLOCK 

“ 

7.0305E-04 

TOTAL  GROWTH 

a 

4.S742E-03 

END  OF  SEGMENT 

ion 

OF 

BLOCK  1 1 

CRACK  LENGTH 

a 

I.S3A0E-O? 

END  OF  SEGMENT 

200 

OF 

BLOCK  1 1 

CRACK  LENGTH 

a 

1 . SB2RE— 0? 

END  OF  BLOCK 

11 

CRACK  LF.NGP1 

-  1.5R2RE-02 

GROWTH  THIS 

BLOCK 

a 

B. 33B3E-04 

TOTAL  GROUP! 

a 

S  .  40°  1  E— 0  3 

END  OF  SEGMENT 

inn 

nF 

BLOCK  12 

CRACK  LENGTH 

a 

1.A271T-OR 

END  OF  SEGMENT 

2nn 

OF 

BLOCK  12 

CRACK  LENGTH 

B 

1 .ftSSRP-O? 

END  OF  BLOCK 

12 

CRACK  LENGTH 

»  1.AR42E-0? 

GROWTH  THIS 

BLOCK 

■ 

1. 0341 F— 03 

TOTAL  GROWTH 

a 

A.4427E-03 

END  OF  SEGMENT 

inn 

OF 

BLOCK  1 3 

CRACK  LENGTH 

s 

1 .74  3ir_02 

F.N">  OF  SEGMENT 

2  no 

OF 

BLOCK  1 3 

CRAC'  LENGT" 

5_ 

1  .RRASr-nf 

END  OF  BLOCK  13 

CRACK  LENGTH 

-  l.S?ESr-07 

GROWTH  TIMS 

BI/lCK 

m 

1.4031  F.-03 

TOTAL  GROWPl 

= 

7."4S3r-ri-f 

LN!)  OF  SF GHENT 

ion 

OF 

BLOCK  1 L 

G,-AGK  l,r*;GT'l 

1 , 0 | opr— 0  ° 

F.V’i  OF  S'  GNt  NT 

2  no 

OF 

Rl.or';  i 

G'1  AC'  fr-v-rii 

* 

I  N"  or  :  l  oo-.-  j 

14 

C1'  \C‘  I.r’  -GTU 

-  w'nt.n.ri 

r.-  r,  1  -i  -  I1‘ 

•!!  'KM' 

a 

2. /."A  ’ !  — >n 

ToT.vf  r".T.’fi 

* 

)  .'OTir.ii 

K*  '  if  S*  lf’.'T 

t  >o 

Bl  OC--  jr, 

C-  I.— ■'■-■I 

■’.3' -  '  ' 

1  ■■ 

•  v;l 

<  i :  ’  r 

;  •  'I-\-  i. 

<M  '"’.V  .•  \|  ■•<  >;  : 


T»*^Ti —  runuii*^  A¥  oaaaao*MJ» 


TABLE  5.  CONTINUED 


I' LOCK  IV  SPECTRUM 
S FOMENT  KHMBF.R 
MISSION  NUMBER 
FLIfiMT  NUMBER 
LAYER  IV  MISSION 
ACCUMULATED  CYCLES 
CRACK  LEVOT'I 
KMAX  APPLIED 
KMAX  EFFECTIVE 
DELTA  K 
PA/ DM 


IS 
1  72 
S 

2022 

29 

S. AS97E+04 

T. 40S4E-02 
S.005SE+07 

S. OOSSF.+07 
4.2441E+07 

T. S0.S4E-OS 


ISNJdXi  JN3WNH3AOD  XV  UiOltUOtJdJtl 


v-; 

Jo 


7  w  :  •'  *  ‘ 


TABLE  6.  INPUT  FILE  FOR  CRACKS  IV  FOR  PROBLEM  2.  FOR  KEYWORD 
DEFINITION  SEE  REFERENCE  3. 


TITLE 

1 

SWISS  SPECIMEN  RIIM 
E  Oil  ATI  ON 
It— DA/  DN 
MATERIA!. 

ALUMINIUM  ALLOY 
4R.AF.A  45B.OEA 
TIIRKSUOLD 
2.1KA  1.0 
LIMITS 

0. 000355^0  0.0  0.0  0.<»5 
ANALYSIS 


RETARD 

KETA 

HKTA 

BETA 

BETA 

END 

LOADS 


1  0  4.20  1  0 

5  0.003  0.0003550  O.OOOQ 
0  0.003  0.0000  0.0031 
1  1.44  0.0021  0.00335 
A  0.003  0.0033* 


ISNddXd  IV  UiJIKlObddb 


TABLE  6.  CONTINUED 


40  l  «?'!?*;  sfoufncfs  Rf’r.ciMFN  (2 e, ) 

i  .0 

MAX-MI'. 

o.33ooooof*or  o.ooooooof+oo  1 

0.12O0OOOF40O  0.4SOOOOOF40R  l 

o.»ooonooF.4.0A  o.3oooooof>or  i 

0.  io50ooof>oq  n.AOooonor+OR  1 

n. ooooooor>oR  o.aoooooof+or  l 

O.J35O00nE4O<J  0.1<v>or>r>r>F4-r>o  I 

0.)3%0O0nr.4Oo  n.90000ooF40R  1 

0.  joyvvyiv+on  o.7snooooF40R  j 

0.12OO00OF.  4.ot)  n.4Sooooor,40R  ) 

o. qoooooof^or  o.3oooooof>oa  l 

n.  1  A«»0n00K.400  0.AOOO0O0F.4OR  1 

n.  i  #,soooor40o  o.f.oonooor40R  1 

o.  i 3sononF4nQ  o.9oooooof+or  i 

o.isonooo^no  n.  3oooopof+or  j 

0.195000OF>0q  o.*oooooof>or  l 

0.1350000F.4DO  0.150O000F>o«  1 

O.IOSOOOOF.+OQ  -O.fO 00000 F+OR  ] 

o .  j  5ooooof>oo  o.isooooof^or  i 

O.onooooor^q  o.  300oooof4-or  i 

0 . 1 RnnnnoF+on  o. 450000of>or  1 

n.oooonnoF.*oA  o.asooooof+oa  t 

0.  l  3500oof.-40<)  o.asooooof.+or  1 

O.n.SOOOOF+oq  O.AOOOOOOF>OA  1 

n .  j  rooooof^or  o.  300oooof.*or  1 

0.l05onnoE40o  0.  3oooooof.+or  l 

END 

MAY— MIN 

o. 33oooooF4nR  n.nooooooE4on  j 

0 .  j  ?oonoor>oo  n.  asododof-for  j 

o.aonononi>oR  o.ooooooof.+or  1 

0. losoooor>oo  o.f.ooooooF.40R  I 

0.OO00O0OF4OR  O.AOOOOOOF+OR  1 

O.l3!*000nr.4fio  0.  IOSOOoof+oo  1 

o .  1 3sononr.40o  o.ooooooof+or  j 

0. |050000F40q  0.7500000F40R  | 

o.  i2noooor*nq  o.4  5000oof,+or  I 

o.ooooooof+or  o.3ooooooe+or  I 

0.  J200nonr.4oq  n,f.ooooonr+ofi  I 

O.1200nonr,400  0.A0D00OOF4OR  1 

0.13SO000F.4OQ  n.90000f>0F,+0R  l 

0, 1200000 F.400  o.  3000000F.40R  1 

O.lOSOOOOr+oo  0.3000000F+OR  l 

0. 1®SOOOOF*MO  n.9000000F+OR  J 

O.135000or*oo  ~n,A00OOOOF+OR  1 

0.22SOOO0F.4O0  -o.7SOOPoor.40R  J 

0. 1  sooooor.4'iq  n,  I  SOOOOOF40R  1 

O.0000000F4OR  0,30ooon0F>on  t 

0. 1 pOOOOor+OQ  0.6SOOOOOF40R  I 

O.OOOOooor+no  0.4S0000OF40R  1 

0.1 RSOOOor*oo  n.4SO0OOOr4OB  ) 

O.ns0000f*oq  0. 4000000F  4OR  I 

o , ) 2oooooi *oo  o.ioooooor+ofi  ) 

0. 10SOVior*'iQ  0.1000000f*0n  1 


ISNJdXd  LNjMNUdAO'J  IV  UdJMUOUd JH 


TABLE  6.  CONTINUED 


MAX-M1N 

o.33ooooof+or 

0.1200000F.+O0 

0. 9000000  r.+on 

0.1050000F.+00 

0.<»OOOOOOF.+OR 

0.1350O0OF>O9 

0.13SOOOOF>09 

o.iosoooof,+oo 

0.12OO0O0F>O9 

O.OOooooof+or 

o.120oooof>oo 
0.120ooooe+oo 
o.  I3soooor>oo 
0.  i2ooooof-^oo 
0.  iosoooof.+oo 

0. 1 95000nE4.no 

O.I350000F>00 

o.iosoooof>oo 

o.isoooooe+oo 

o.oooooooe+or 

0 . 1 ROOOOOE+OO 

o.^ooooonr.+o* 

0.13  50000E+09 
0.135OO0OF>0O 

o.moooooF.+oo 

FND 

MAX-MIN 

0.3300000F.+0R 

0.1200000E+09 

0.9000000E+09 

o.iosooooe+oo 
O.oooooooe-^o* 
o.13M>ooof.+oo 
o.!3V)ooof>o9 
0. 1050000F.+09 
0. 12oooon  r>no 
o.ooooooor.«/io 

0 . 1 200000F+00 
0. 1200000F.+09 
0.1330000F.-M30 
0. 1200000F>00 
n.lo^ooonF.+oo 
0. 1800O00F4-00 

O.l3sooonr>o« 
0.21opooor>oo 
0.0O0OOOOF.4-00 
O.OOOOOOOF.+OO 
0 . 1 ROOOOOF*09 
0 . 000000 or 4-0 9 

O.  1  35OOOOF+0O 

P. ooooooof+or 
n.l«nooonF>on 

F.N’I) 


O.OOOOOOOF-kOO 
0.4S0OOOOF.+OR 
0.  30O0OO0F.4-OR 
0.  AOOOOOOE'^OO 
O.fiOOOOOOF+OR 
0. 1050000F+09 
0. 0000000 F+OB 
0.75O000OF>00 
0.43000onr>OR 
o.30ooooof>oo 
n.AOooooop>oo 
O.AOOOOOOF.+Oft 

n.oooooooF+oo 

0. 3000000F+04 
0.3000000F.-4-00 
0.90ooooof>or 
0.  1  SOOOOOF.+OR 

-n.fooooooF.+oo 
0. 1 sooooor+oo 

0. 3000000 F+OO 
0.4  500000F+OR 
O.4SOO0OOE+0R 
0.4500000F.+OR 
O.AOOOOOOF+OR 
0.3000000F.+00 


O.OOOOOOOE+OO 
0. 43OO000F441A 
0.3OO0OO0E+OR 
O.AOOOOOOF.+OR 
O.AOOOOOOF>OR 
0. IOSOOOOE+OO 
O.OOOOOOOF+OO 
0.7  SOOOOOF.+OR 
0.4  SOOOOO  E+O  R 

o.3oooooor>o« 

0.f>000000F>0R 

O.AOOOOOOF>OR 

o.4oooooof>o« 

0. 3000000F>00 
0.  3OOO00OE4-OR 

n. oonooooE*OR 

-0, 3onoooOF>on 
-0.4300000F.-4-00 

o. i^noooor.+oo 
0.  3000000  F.^OR 
0.4 300000 F>OR 
0.4S00000F.+09 
0. 43OOO00E+0M 
O.Roooooor.+oR 
0.  3000000F.4-OS 
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TABLE  6.  CONTINUED 


MAX— 'll'! 

0.33ooonoi;+nR  n.nooonnni>on 

n. «»uMi)i)om>05i  n.  oooiioomk+or 

0.*»OOOOOOK+OH  li.  I'lOOOOOK+OR 

o .  j  2oononr.+OQ  o.  inonnooR+oR 
o.ooonoooE+oa  o.  roooooof.+or 
o .  nsonnoE+oi  n.  3ooooooi-:+or 
o .  in  vhioof.+oo  o.  3ooooook+or 
o .  1 2oooonr.+o‘>  o.  i  sooooof.+or 
o . i  isoooon+oo  o. ioooooor+or 
0 . 1 20nfi'Hir>on  o.  3oooooor+or 
o .  1 35ooooe+oq  n.  3oooooor+or 
0.13sooooe+oq  o.3oooooof+or 
O.roooooor+or  o.3oooooor+or 

0.1500000E+09  o. I SOOOOOR+OS 
0.1200000E+00  o.450oooof+or 
o.iosooook+oq  o. 3000000 r+or 
o .  1 200000K+09  0.4  sooooof.+or 
o .  roooooof.+or  o. i  sooooof.+or 
o.uonoooR+oo  n.3ooooonE+nR 

F.Nn 

’I  AX— '1IN 

o.33ooooor+or  o.ooooooof+oo 
o.qoooooo  f.+or  o,30ooooof+or 

0.«OOOOOOE+OR  D.3000000R+OR 
0 . 1 200O00F.+09  0.  3900O00R+0R 

0.90 00000 F.+O  8  O.AOOOOOOF+OR 
0 . 1 350000F+09  0.  3000000F.+0R 

0. 1050000E+09  0.  3000000 F.+OR 

0.1200000K+09  0. I S0OOOOE+O8 

0.1350000E+09  0.3000000E+08 

0 . 1 200000E+09  0. 3000000F.+0R 

0.1350000E+09  0. 3000000E+08 

0.13S0000E+09  0.3000000F.+OR 

0.9000000F.+08  0.3000000 F.+OR 

0. 1 500000E+09  0.1500000F.+08 

0 . 1 200000E+09  0.4500000R+08 

O.J050000E+00  0.30000O0E+0R 

0.I2OO000E+09  0.4500000R+0R 

0 . 9000000 E+OR  0.  I  500000 F.+OR 
0.1 200000  F.+O  9  0. 3000000R+OR 

END 
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TABLE  6.  CONTINUED 


MAX— MIN 

n.  rv>nrv;-)|-;+nq  o.oooooook+oo  1 

0. 1 200000K+00  o.asoooook+or  1 

0  .oonnaoor.+os  o.oooryvior+nR  1 

o. in^noonr.+on  o.  aooomoof.+os  l 

O.rdoooooe+mr  o.aoooooof+or  l 

o.  1 35ooooF.+oq  o.  iosoooof.+or  i 

o.135ooook+oo  o.oooooooe+or  l 

0.1050000E+09  0.7  500000 F.+O  ft  1 

o.i2oooooe+09  n.45onoooF.+oR  i 

o.rooooooe+or  o.iononooK+os  l 

0.I200000K+09  O.M>OOOOOF,+9ft  1 

0.1200000F.+04  0, AO0000OK+0ft  1 

0. 1350000E+09  O.onOOOOOF+OB  1 

0.1200000E+00  O.3OO0000K+08  1 

0.10500nOE+OQ  0.3000000K+OS  1 

0. 1800000E+09  O.ODOOOOOE+OR  1 

0.1350000K+00  -0. 3000000 E+OR  1 

0. 19SOOOOE+00  — 0, 4500000F.+03  1 

O.OOOOOOOE+08  0. 1 500000K+08  1 

0 . 9000000E+08  0.3000000E+OR  1 

0.1R90000K+09  0.4500000E+08  1 

O.oOOOOOOE+OR  9.4500000E+OR  1 

0. 13SO000K+OO  0.4 500000 K+0 9  1 

O.I350000*>00  0.800000MF+03  1 

0.1 ROOOODF.+D9  0.3000000K+09  1 

0.1050000E+04  0. 30OO09OE+08  1 

END 

MAX— MIN 

0 . 3  3000'  SO  f+0  8  0 .  OOOOOOOF.+OO  1 

G.QOOOOOOE+OR  0. 3000000E- 08  ] 

o.qooooooe+or  o.3ooooooe+or  1 

0 . 1 20QOOOE+09  0. 3000000 E+OR  I 

0.9000000E+CR  O.AOOOOOOE+OR  1 

0 . 1 35QQ00E+09  0.3000000F.+OR  1 

0 • 1050000K+09  0. 3000000E+08  1 

0.1 200000E+09  0. 1500000E+OR  1 

0 . 1 350000E+O4  0. 3000000E+OR  1 

0. 1200000E+04  0.3000O00F.+OR  1 

0.1350000E+OQ  0.3OO00O0F.+0R  1 

O. 1 350000E+09  0.3000000E+OR  1 

0.9000000F.+03  0. 3QOOOOOE+OR  1 

0 . 1  50O000E+O9  0. 1  500000  F.+OR  1 

0. 1200000F.+04  O.45O0000F+OR  1 

0. 105000fir.+09  o.  3000000  E+OR  l 

0. 1 200000E+09  n.450O000E+0R  1 

0; 40 00000 E+OR  0. 1 SOOOOOE+OR  1 

0. 1200000E+OQ  0.30  nO0OF.+0R  1 

END 
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TABLE  6.  CONTINUED 


0.330<)o>or+0ft 
0 . 1  200000F.+09 

n.  iosoooof.+oo 

o.  ]  ?oooooF.+ofi 
O.  ]  20000oi>on 

n.  josooooe+oq 
0.1 500000E+09 
0.1050000E+09 
0 .9000000 K+O ft 
0. 1050000K+00 
O.IOSOOOOK+OQ 
0. 9900000  F.+O  ft 
I).  1  200000K+00 
0.  lOSOOOOK+OO 
0.1 500000E+00 
0. 1OS0OQOF.+O9 
0.9000000 K+O ft 
0.9000009E+OR 
0. 10  50000 F.+09 
0. 1A50000K+OQ 

o.  ooooooo K+on 

0. 1 AS0000F+09 
0. 1050000K+00 
0 . ] 650000K+09 
0 . I 550000E+09 
0.1200000E+09 
o.n.sooooR+oo 
0 . 1 200000E+09 
0.9000000E+OR 

EN'O 


n. onooonoE+oo 
0. 1  SOOOOOF-t-Oft 
0.  7  590000E+0.ft 
0.4500000  K+O  *1 

o.  3000000  f.+o  ft 

O.ftOOOOOOE+Oft 
0.  1 500000E+08 
0.  OOOOOOO F.+O ft 
O.ftOOOOOOR+OR 
0.30000001>0ft 
0.45OOO00E+0R 
0. 3000000 E+0 ft 
O.4500000r.+0ft 
0. 3000000E+08 
0.3000000R+08 
0.  3000000v>0ft 
f).3ooooooK+oa 

0.3000000E+OR 
0.  3000000F.+Oft 
O.75OO00OK+0ft 
0.3000000F.+OR 
O.fSOOOOOOE+Oft 
0.  7500000E+08 
0. 1  500000K+08 

n. f,oonooOE+0« 

o. aoooooon+oft 
0.7500000E+OS 
0.3000000F.+OR 
0.3000000E+03 
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TABLE  b. 


-  ir: 

P.  3  V*0')0l  !»■.♦')  K 

0.  )  2000OOK+90 
(i.l  5000(100+0“ 

p.iosoi  >'w  !>-*-<■)•» 

0.1500000I.+00 
0. 1200000F+09 
0.  I050000K+09 
0.1200000F.+00 

0. 10 50000 F+00 

o.ooO'ioook+ok 

o.  l0S0'V)<iF+nn 
o.l550nunF+no 
0. 105000OF+0O 

u.  losnnoorxip 
o.l 2000000+00 
o.qoooooof+or 
0.  io5ooooi>ori 
0.1  20O0O0F.+0O 
o.  p.ooooof+oo 
0.1A50000F.+09 
O.105O000F.+09 
O.135000OF+09 
O.  nsnooor+oo 
o.  1350000  on  <i 

o.l  500000  F.+OO 
0.1350000F+f)r> 
0 . lfl5O000F+0o 
0.1500000F-H.30 
0. 1209000K+0Q 
0. 10500000+0^ 
O.OOOOOOOF.+OR 
0 . 9000000K+OR 


-4i.  1  so'ioior+oo 

n.  looonO'O'iR 

o.  onnn.iuiOOM 
i).  3000000r+o« 
o.  lootomr+no 
0./,  SOOOOO!>OR 
0. 3000000F+OS 
n.AOOOOOOF+OR 
0.  45OOOOOF+OP, 

-0.  I  5O0000F+O1' 
0. 3000OO0F+0R 
n.i5000oor>op 
0.‘i'l00000r>'>0 
0. 3000000F+OR 
0.4500000F+03 

0. 1 500000  r.+os 

n.AOOOOOOF+OR 

0. ooooooor+oo 
0. 0000000 1>00 
0.  1  500000F.+05 
0. 0000000 F+00 

0.7500000F+00 

0.3000000F+OR 
0 . 0000000  F+00 
O.AOOOOOOF+OR 
O.AOOOOOOF+OR 

0. 1  snnonoF.+oo 
0. 3000000F+OR 
0.3000000F.+9R 
O.OOOOOOOF.+OO 
0.  3000000F.+0R 
0.  3000000K+OR 
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■ABLE  6.  CONTENTED 


o.il  •  '/viof.+dr 

n.  |  jonanr+nn 
0.151 10000  E-t-0  0 

o.  insonooc+no 

o.i  sooooor.+oo 

0.12OOOO0E+0O 
o. iosononr.+oo 
0. 12'>oo  onr+oo 
o.  iosoonnE+oo 
o.Too.ynoE+ni 

0.  1050000F.+00 
0.  IftSOOOOF.+OQ 

' o.  iosooooe+oo 
0. 10  so  0001. +00 
o.  12°:  )000  :;+oq 
o.onooonoF+oo 
0.10  5  'ooor.+oo 

0.1200000E+09 
0.120000OF.+0Q 
0.1  450O00K+O0 
o.  losoonoc+'io 

o .  nsooooi'.+oo 
o.  i  i5oooon+o‘i 
0.1150000E+00 

0 . 1 5000QOE+00 
0.1350000K+00 

o .  iosoooof+or 

0.1500000E+0Q 

0.12OO000E+0P 

o.iosooooe+o^ 

0 . 9000000E+08 
0.90OOO00E+0R 


-O.  1  SD'iOOOr+O0, 
0.  InOOOOOF+OR 
0. 0009000 E+OR 

o.  loooooor.+op 
o.  3onooooc.+oR 
0.4SOOOOOE+OR 
O.looonnoE+OR 

O.^OOOOOOi:+OR 
0.4  5000O0»'+OR 
-0.)  SOOODOE+OR 
0.3000000F.+OR 
O.450OOOOF.+0R 
O.OOOOOOOF.+OO 
0. lOOOOOOK+OR 
0.4  50900OK+0R 
0.  1 500009E+0R 

O.F)00onooF.+o« 

0.3000000F.+OR 
0.  0000000 E+00 
0. 1 5000D0E+9R 

O.oooooook+oo 

0.750OO00r.+o°. 

0.3000O00E+0K 
O.OOOOOOOE+OO 
o.soonoooE+oi 
0. 5000000  r.+OK 
0. 1 50OOO0E+0H 
0. 3000000 E+oR 
0. 3000000E+OR 

O.ooononoK+on 
n. 300OO00E+0R 
O.IOOOOOOF.+OR 


1 

1 
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TABLE  6.  CONTINUED 


o.  rionoryr>n4  -o.  i  soonooE+op 
o.  1 2ooo')or.+m  n.  3000000  k+oh 
0. I 500000K+00  0.f.000000E+0R 

0. 1050000F.+00  0. 3000000E+09 

0 . 1 500000E+00  o. 3000000F.+0R 
0.12000000+09  0.4SOODOOF+OR 

o .  loyooooE+on  o.  3oooooof.+oh 

0 . 1 200000E+00  0. 6000000K+00 

0.1050000E+00  0.4500000F.+9S 

o.pooooook+op  -o.  i  soooooK.+oq 

0.1050000K+00  0.30000O0E+0S 

0.  IfSSOnonE+OO  O.^OOOOOE+OP 
0. 1050000E+00  O.OOOOOOOE+OO 
0.  10 50000 £+09  0.30000!W,+OR 

0.12000000+09  0.  4SOOOOOF.+OP 

O.OOOOOOOF.+OP  0.  1  50O0O0F.+OP 
0 . 1050000F.+09  n.AOOOOOOE+OR 
0 . 1 200000F+09  0. 3000000E+OR 

0.1 200000F.+09  O.OOOOOOOE+OO 
0. 1 A50000E+09  0. 1 500000F+09 

O.lOSOOOOE+on  0. 0000900 F+00 
o.nsooooc+oo  O.750O0O0E+OP. 
0.1350000F.+00  0. 3000000 F.+OR 

0.13SOOOOE+OQ  O.OOOOOOOF.+OO 
0. 1500000F.+09  O.AOOOOOOF.+OP 
0. 1350000F.+00  O.AOOOOOOR+OR 
0.1050000F.+09  0.1500000F.+0P 

0.15OO000K+09  0. 3000000E+OR 

0. 1200000E+09  0.3000000F.+08 

0 . 1050000  E+0  9  O.OOOOOOOF.+OO 
0. 9000000  E+OR  0. 3000000F.+08 
O.9OO00OOE+OR  0.3000000F+OR 

END 
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TABLE  6.  CONTINUED 


0.3  300000  ono 

n.  i2fiono'ii-:+(|o 

o .  i  50oonoi;+ou 
0.1<)5O()Onr+o<l 

o .  l  sooonor.+oo 

0.1 200000E+0Q 
0. 1050000 r+OQ 

o.i20oonnF+D<i 

0.1050000E+00 

O.doooooof.+or 

0. 10  50000 F.+OD 
0. 14500O0  E+00 
0.10 50000 F+09 
0. 10  50000  K-K)" 
0.1200000E+00 
O.OOOOOOOF+O'3 
0.105O000F.+O0 
0.1 200000F.+OQ 
0. 1 200000E+00 
0.1450000F.+00 
0. 1050000 1>00 
o.  H50000  r.+oo 
0.1 0500000+00 
0.13500000+00 
0.1 5OOOO0E+O9 
0 . 1 350000F+09 
0. 10 50000 K+OP 
0.1500000F.+00 

0.1200noOK+00 

0. 10  50000  F.+OO 
O.^OOOOOOF.+OR 
O.^OOOOOOE+OS 

END 


-0. 1  5oooooF.+<m 
o.  inooooor+oR 
O.OOOOOOOK+OR 
O.OOOOOOOF+OH 
0.3000000F+OR 
n.450oOOO'>OR 
0.3000000F+03 
O.AOOOOOOF-i-OH 
O.  A  500000F.+OR 
-0. 1 500000E+OR 
0.  3000000F.+OR 
0.45OOOOOF+OR 
O.OOOOOOOF.+OO 
0.  3000000F.+OR 
(1. 4  500000F.+OR 
0.  ISOOOOOi'+oR 
0.4000000F+OH 
O.IOOOOOOF+OR 

n. nooooooF+oo 

0.  1SOOOOOF+OR 
O.OOOOOOOE+OO 
0.7  500000 F.+OR 
0.3OO0OQ0E+0S 

o. ooooooor.+oo 
o.aoooooof.+or 
O.ftOOOOOOF.+OR 
0.  I  500000 E+0 5 

0.3000000F.+00 

0.30O000OF+03 
O.OOOOOOOE+OO 
0.3000000E+05 
0.  3000000F.+0R 
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TABLE  6.  CONTINUED 


MAX-MTN 

O.IIodoome+or  o.ooononor+oo 
o.'ioonnoni'.+oH  o.  j  soooooe+or 

END 

MAX-MIX’ 

o. 33oooooE+no  o.oooooook+oo 
o.9ooooonK+nR  o.  1 soooooe+or 

END 

MAX-MIX 

n.33nooooF.+ns  o.oooonooF.+oo 
O.mooooook+os  o.  l  soooooe+or 

END 

MAX— MIN 

0.1300000  i: +o  R  0  .  OOOOOOOF.+OO 
0 . 9000000F.+OR  o.  1  500000F.+0R 

END 

MAX— MIN 

0 . 1 300000  E+0 R  0 .  f  lOOOOOOE+OO 
0. 9000000  F.+OR  0. OOOOOOOF.+OO 

F.NI) 

MAX— MIN 

().3300000F+nR  0.  OOOOOOOF.+OO 

0. 9000000 K+OS  O.OOOOOOOF+OO 

END 

MAX— MIN 

0.330O000E+0R  O.OOOOOOOF.+OO 
0  .  OOOOOOOE+OR  0.  OOOOOOOF.+OO 

ENT) 
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TABLE  6.  CONTINUED 


!AV-'TJ 


ii.  vuM'i-mx". 
ii  . *>r)nn<>  )uk+m'* 

n. <»')fiMii<ior>0't 

o. '»i)i)nnoM!>fiR 
o.'vioooook+op 

n.  i05noooi:+no 

o. ioywviF.+oo 
o.onnnnoo!>rm 
O.ooooooor+')P 
o,insnnooF.+no 

F.WD 

MAX-MI'.’ 

o.33ooooof.+op 
o.oooooook+op 
o.pooooook+os 
o  .pooodoof+op 
o.poooooof.+oo 

0.  lOSfiooOK+no 

o. iosoooor+op 

O.OOOOOOOK+OP 
o.i'oooooo*->op 
o. 1 050000 1  >no 

END 

‘•AX— MIN 

0.3300000E+0« 

0.9000000E+OH 

o.oooooooe+os 

o.poooooor+o.p 

0.9000000E+OS 
0. 1050000E-K)9 
0.1050000F.+09 
0.90 00000 E+0 8 
0.9000000K+98 
0.10  50000  F.+09 

ENO 

MAX-MIS 

0.3 300000 E+08 
O.OOOOOOOE+Oft 
O.PQOQOOOF.+OR 
0 ,0000000 E+O A 
O.OOOOOOOF.+OP 

o.  io5onoor,+n«J 

0, 1050000E+OP 

o.«oooooor+op 

O.POOOOOOF+OP 

0.10S0090F+09 

END 


n. ^inn'inuE+'iP  1 

I).  30.)l)f)(V)l>/IH  1 

0.  I  SO0,tl),H>‘l9  1 

o. AonooO‘iK+ns  1 

O.IOOOOOOE+OO  1 

n.  1 500000F+0P  1 

O.30OO00OK+0A  1 

0. 300000OK+0S  ] 

0.3000000'>09  ] 

M,  aooooooi'+op  l 

O.DOOOOOOF+OO  1 

0.3O09000E+OP  1 

0.  1  500000 F.+OP  1 

o. f.oonnoor>os  1 

0.3000000E+09  1 

0. 1 SOOOOOF+OA  1 

0.3O00O0OF+0A  1 

0. 3000000F.+OP  1 

0.  3O900O0F+09  1 

0.  AOOOOOOF.+OS  1 

O.OOOOOOOE+OO  1 

0.3000O00E+09  1 

0.  1500000F.+OS  1 

O.AOOOOOOF.+OP  1 

0. 3000000E+OR  1 

0.1 500000 E+OR  1 

0.3000000E+OR  1 

0.  3000000 F,+0  8  1 

0. 3000000E+09  1 

0.6000D90F.+OR  1 

O.OOOOOOOF.+OO  1 

0. 3000000F.+08  1 

0. 1  500000F.+08  1 

0.5000000F.+9P  1 

0. 3000000F.+OP  1 

0.  1  5OO0O0F.+0fl  1 

0.3000000  F.+OP,  1 

O.300O000F+0P  1 

0.3000000F.+OP  1 

0.  *>0000000+00  1 
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TABLE  7.  OUTPUT  FROM  CRACKS  IV  FOR  PROBLEM  2. 


CRACKS— IV  VKPSlON  5,  04/2A/70  R.M.  ENGL*  ,1R. 

AH),  APA1TAT1  ON  -  JANUARY  PRO 

CASK  1  RUN  1 
SWISS  SPECIMEN  RUN 

nlRcCT  INPUT  OF  PA /ON  VS  OELTAK  FOR  SEVERAL  VAL'TS  or  qTDrcc:  Pa.TTO  p. 
ALUMINIUM  ALLOY 

KSUHO  .  4.RAOOF.+07  Y I F.LD  STRESS  -  4.5*OOF+oo. 

THRESHOLD  delta  k  „  2.inonr+OA*(i .0-  i.ono*R) 

INITIAL  HALF  CRACK  LENGTH  -  3.5500r_04 

INITIAL  CYCLE  NUMBER  -  0.00 

R  CUTOFF  -  0.050 

AUTOMATIC  UNRETARPED  SOLUTION  SUPPRESSED 
WHEELER'S  RETARDATION  MODEL  WITH  SMALLM  -  4.20O 
PLANE  STRESS  YIELD  ZONE  CONDITION  ASSlDfED 

CORRECTION  FACTOR  Br.TA(5)  IS  ITNIAXTAL  ROUTE  SOLUTION  FOP  A  STNCl,r  CRACK 
FROM  A  CIRCULAR  HOLE  OF  RADIUS  R  ■  3.0000F-07 

APPLIED  FROM  A  -  3.55OOE-04  TO  A  «  q.oooor-n4 

CORRECTION  FACTOR  RETA(  °)  IS  r ’NT  AXIAL  LTU  SOLUTION  FDR  A  a  n-yrrro  rv^ry 
FROM  A  DOUBLE  HOLE  OF  RADIUS  R  -  3.00OOE-O3 

APPLIED  FROM  A  -  9.0000E-04  TO  A  -  ?.|O0nr_07 

CORRECTION  FACTOR  HETA( ] )  IS  A  CONSTANT 
RF.TA(l)  -  1.440 

APpLT  ED  FROM  A-  2.1000E-03  TO  A  -  3.7AOnr-07 
CORRECTION  FACTOR  RETA(A)  IS  UNIAXIAL  BOWIF.  SOL”TTON  FOR  TWO  CLACKS 
FROM  A  CIRCIU.AR  HOLE  OF  RADIUS  R  -  3.0nnOE-03 

APPLIED  FROM  A  -  3.3A00E-03  TO  A  -  1.0n00F+7° 

MULTIPLICATION  FACTOR  -  1.000000 

SWISS  SEOUENCES  SPECIMEN  (24> 

40  BLOCKS  TN  SPECTRUM 


END  OF  INPIT 

**********CPACKS  IV  ANALYSIS********** 

SWTSS  SFOUENCES  SPECIMEN  (24) 


FLT  MSN  LYR 

CYCI.ES  A 

DELTA  K 

K  MAX 

n/ynv 

rrTADn 

1  14 

I 

1.0 

0.0004 

.33RE+07 

.770E+07 

2.  V74E— no 

1.000 

1  14 

2 

2.0 

0.0004 

.4A2E+07 

. 770E+07 

8.21 1 F— 00 

1.000 

1  14 

3 

3.0 

0.0004 

.4A2E+07 

.AJ  AF.+07 

o.  v>Tr_]o 

D.  |  57 

1  14 

4 

4.0 

0.0004 

.442E+07 

.A) AE+07 

o .  7  7  7  c— 1 0 

0.  1  5  7 

1  14 

A 

5.0 

0.0004 

.4A2F.+07 

.A1AE+07 

0.734E-1D 

0.157 

1  14 

A 

A.n 

0.0004 

.30RF.+07 

.6IAE+07 

4.  A4DF-10 

0.157 

1  14 

7 

7.0 

0.0004 

.A  1 AE+07 

.P25E+07 

1  .  Q^G-oq 

1 .000 

1  14 

8 

H.O 

0.0004 

.30RE+07 

.A1AE+07 

1  .nnir-m 

0.077 

1  14 

q 

R.o 

0.0004 

.4A2E+07 

.771E+07 

1 .77AF-oo 

D.21A 

FND  OF  SEGMENT  ' 

ion  OF  BLOCK  1 

CP  ACK 

LENGTH  «  7. 

7*o 1 E— 04 

END  OF  SEC 

MENT 

2 DO  OF  BLOCK  1 

CRACK 

LENGTH  =  7. 

07* ) p-04 

END  OF  BLOCK 

1 

CRACK  LENGTH 

-  3.03«1 f-T4 

GROWTH 

THIS  BLOCK  -  3. 

7° 1 5E— 05 

TOTAL 

GROWTH  =  3. 

70] SE-o* 

END  OF  SEOMFNT 
END  OF  SF.C'tENT 
END  OF  BLOCK 
Cl  o.'T'i  T’ i T 


100  OF 
700  OF 

!'  I  '  r 


BLOCK  2 

BLOCK  ? 

GRACE  LENGTH 

:’.7Pri  — o  s 


c RACK  LENGTH 
CE ACE  LLNDT'i 
A.^o'iSi  -  >■', 


4 

4  .  '•oo  V 
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TABLE  7.  CONTINUED 


CRACKS-TV  VERSION  5,  04/2A/7D  R.M.  ENOLE  .IP. 

ARL  ADAPTATION  -  .JANUARY  l<>no 

CASE  1  RUN  ] 

SWISS  SPECIMEN  RUN 

DIRECT  INPUT  OR  DA /DM  VS  DELTAK  FOR  SEVERAL  VALUES  OF  STRESS  PATIO  p 
ALUMINIUM  ALLOY 

KSURQ  -  A.RAnnE+07  YTELD  STRESS  -  6.SRO0E+nB 

THRESHOLD  DELTA  K  «  2 . 1  nnOF+OA*(  1 .0-  l.00O*R) 

INITIAL  HALF  CRACK  LENC.TR  »  3.55D0E-O4 

INITIAL  CYQ,E  NUMBER  -  D.OD 

R  CUTOFF  ■  O.Q50 

AUTOMATIC  UNRETARDFD  SOLUTION  SUPPRESSED 
WHEELER'S  RETARDATION  MODEL  WITH  SMALLM  -  A. 200 
PLANE  STRESS  YIELD  ZONE  CONDITION  ASSU'IED 
CORRECTION  FACTOR  RETA(5)  IS  EMBEDDED  CRACK  FPOM  A  '101,E 
(A/D  <  0.15)  SYMMETRIC.  RADIUS  OF  HOLE  -  3.nnnnr_ni 
APPLIED  FROM  A  «  3.55DOE-OA  TO  A  ■  O.OOOOr-04 
CORRECTION  FACTOR  IIF.TA(S)  IS  UNI  AKIM,  EMBEDDFD  ry^^ry  FROM  A  uoi.r, 
<A/U  >  0.15)  SYrriETRIC.  RADIUS  OF  HOLF  RADIUS  R  »  i.nnooF-m 
applied  fpom  a  *  d.dodde— 04  tr  a  •  p.inoor— 01 

CORRECTION  FACTOR  BETA(l)  IS  A  CONSTANT 
BETA(l)  -  I .440 

APPLIED  FROM  A-  2.10DOE-O3  TO  A  -  1.3AOOF.-OB 
CORRECTION  FACTOR  HCTA(A)  IS  UNIAXIAL  BOWIF,  SOLUTION  Fn»  Tun  rvi\rY^ 
FROM  A  CIRCUMR  HOLE  OF  RADIUS  R  -  3.O0D0F-m 

APPLIF.n  FROM  A  *  3. 3B00E— 03  TO  A  »  ]  .OOOOF.-t-3S 

MULTIPLICATION  FACTOR  -  1.000000 

SWISS  SF.OUENCES  SPECIMEN  (24) 

40  BLOCKS  IN  SPECTRUM 


END  OF  INTUT 

********** vc;  jy  ANALYSTS********** 


SWISS  SrODENCES  SPECIMEN  (24) 


FLT  MSN  LYR  CYCLES  A 
1  14  ]  ]..n  o.ono4 

)  14  2  2.0  0.0004 


DELTA  K  K  MAX 
.772E+07  .212E+07 

•527E+07  .A32E+07 


nAnu  p ft  a  p  d 
I.APSp-dp  l.noo 
7 . is i r  —no  j.nnD 
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TABLE  7.  CONTINUED 


END  OF  SEGMENT  100  OF  BLOCK  3 

END  OF  SEGMENT  200  OF  BLOCK  3 

END  OF  BLOCK  3  CRACK  LENGTH 

CROWTH  THIS  BLOCK  -  2.9743E-05 


END  OF  SECMENT  100  OF  BLOCK  4 

END  OF  SECMENT  200  OF  BLOCK  4 

END  OF  BLOCK  4  CRACK  LENGTH 

CROWTH  THIS  BLOCK  -  3.2881E-05 


END  OF  SECMENT  100  OF  BLOCK  5 

END  OF  SECMENT  200  OF  BLOCK  5 

END  OF  BLOCK  5  CRACK  LENGTH 

CROWTH  THIS  BLOCK  -  3.6732E-05 


END  OF  SEGMENT  100  OF  BLOCK  6 

END  OF  SECMENT  200  OF  BLOCK  6 

END  OF  BLOCK  6  CRACK  LENCTH 

GROWTH  THIS  BLOCK  -  4.1218E-05 


END  OF  SEGMENT  100  OF  BLOCK  7 

END  OF  SECMENT  200  OF  BLOCK  7 

END  OF  BLOCK  7  CRACK  LENGTH 

CROWTH  THIS  BLOCK  -  4.6567E-05 


END  OF  SECMENT  100  OF  BLOCK  8 

END  OF  SEC;  IE  NT  200  OF  BLOCK  B 

END  OF  BLOCK  A  CRACK  LENGTH  - 

growth  THIS  BLOCK  -  5.3723E-05 


END  OF  SEGMENT  100  OF  BLOCK  9 

END  OF  SEC.'IENT  200  OF  BLOCK  9 

END  OF  BLOCK  9  CRACK  LENGTH 

GROWTH  THIS  BLOCK  -  6.3903E-35 


END  OF  SEGMENT  100  OF  BLOCK  10 

END  OF  SECMENT  200  OF  BLOCK  10 

END  OF  BLOCK  10  CRACK  LENGTH 

CRO'TH  THIS  BLOCK  »  7.7609E-D5 


END  OF  SEGMENT  100  OF  BLOCK  11 

END  OF  SEG MF.NT  200  OF  BLOCK  U 

END  OF  BLOCK  11  CRACK  LENGTH 

CROAT!  -nilS  BLOCK  -  9.°34:f>05 


END  OF  SEC'ENT  100  OF  BLOCK  12 

END  OF  SEGMENT  200  OF  BLOCK  17 

ENT)  nr  BLOCK  12  CRACK  LENGTH  « 

GR  7"  7aIR  BLOCK  -  1.2252E-04 


END  Of  S-.TT.NT  ino  OF  BLOCK  n 

E::o  of  s-cme-.t  2no  or  bloc.;  n 

END  Of  BLOCK  13  CROC;  LENGTH 

CC  7"  TCI S  BLOC;  •  1.5A37E-04 


CRACK  LENCTH  -  4.3174R-04 

CRACK  LENGTH  -  ~4.  5049F-O4 
-  4.50A9E-04 

■  TOTAL  CROWTH  -  9.4793E-OB 


CRACK  LENCTH  -  4.6254E-04 

CRACK  LENGTH  -  4.R357E-04 

-  4.8357E— 04 

TOTAL  CROWTH  -  1.2767E-04 


CRACK  LENGTH  »  4.967BE-04 

CRACK  LENCTH  «  S.2031E-04 

-  5.2031E-0A 

TOTAL  GROWTH  -  1.644]E-^)4 


CRACK  LENCTH  -  5.350IE-D4 

CRACK  LENGTH  »  5.6152E-04 


-  5.6152E-04 

TOTAL  GROWTH 


CRACK  LENGTH 
CRACK  LENGTH 
»  6.0809E— 04 

TOTAL  GROWTH 


CRACK  LENGTH 
CRACK  LENGTH 
6. 4  IB  IE— 04 
TOTAL  GROWTH 


CRACK  LENCTH 
CRACK  LENGTH 
-  7.2572E— 04 

TOTAL  CROl.TH 


CRACK  LENGTH 
CRACK  LENGTH 
■  8.0333  E— n 4 
TOTAL  GROWTH 


CRACK  LrNGTH 
CRACK  LE  :CTH 
'  H.07B7E-D4 
TOTAL  G^D-.T’ 


CRACK  LENGTH 
CRACK  LENGTH 

1 

total  G - T< 


CRAG-  t--G-» 
CRAG.-;  i  -  T’i 
l.ivr-^A 
TGTAL  -t-( 


»  2.0562E— 04 

*  5. 7804 E— 04 

-  6.0809E— 04 

-  2.5219F-04 

»  6.2ARRE— 04 
»  6.61 81 E— 04 

-  3.0591E-04 

»  6.R40(,R-0t 

»  7 .2B72E— 04 

-  3.A982E-04 

-  7.5244E-04 

*  8. 03  33F.— 04 

-  4, 47-3F— 04 

-  8, 34r>2F>‘'!, 

*  9. 02 

»  B.4A77g-ta 

*  o ,46A4r.-'4 

-  1.0232E-07 

* 

-  1.07B;r_-A 

*  i.is::i-'? 

-  8.7i'.:Br-  A 
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TABLE  7.  CONTINUED 


END  OF  SEGMENT  100  OF  BLOCK  1A  CRACK  LENGT” 

F. MO  OF  SEGMENT  200  OF  BLOCK  14  CRACK  LENGTH 

END  OF  BLOCK  1A  CRACK  LENGT"  -  I.B044E-O3 

GROWTH  T'lTS  BLOCK  -  2.1423E-OA  TOTAL  GROUT" 


END  OF  SEGMENT  100  OF  BLOCK  IS 

END  OF  SEGMENT  200  OF  BLOCK  IS 

F "0  OF  BLOCK  IS  CRACK  LENGTH 

GROWTH  T"TS  BLOCK  -  3.24010-04 


ENI1  OF  SEGMENT  100  OF  BLOC*’ 


CRACK  LENGTH 
CRACK  LENGTH 
=  1.7224F-01 

total  growth 


CRACK  LENG’ 


) .2S73E-01 
1 . B0SAE-03 

1 .OAOSE-os 


1  .  4oq^r_m 

1 . 727AE— ho 

1  .  BASS'" -m 


1  .  BPR7E— 03 


KMAX  APPLTEO  EXGEEns  KS1IB0.  PROBLEM  TERMTNATrn . 
LAST  CALCULATED  VALUES  ARE: 


BLOCK  IN  SPECTRUM 
SEGMENT  NUMBER 
MISSION  NUMBER 
FLIGHT  NUMRER 
LAYER  IN  MISSION 
ACCUMULATED  CYCLES 
CRACK  LENGTH 
KMAX  APPLIED 
KMAX  EFFECTIVE 
DELTA  K 
DA/DN 


If. 

1R2 

S 

3192 

2° 

9.4S19E+0A 

B.749RE-03 

5.0S24F.+07 

5.0524E+07 

4.2103E+O7 

4.42B3F.-OS 


i  xv  oadfleoudiH 


.  ■  .T  • 

Nr  o  v  ■*, 

GNf-.  v-.  ju-*  j-  'j-  rji 


TABLE  7.  CONTINUED 


TUT  S  FILE  IS  AN  DHTI'IIT  FILE  FROM  CRAYA . 

IT  TNHT CATES  T'tF  AMOUNT  OF  EXTRAPOLATION  V.’I!TC'I  OCr''t.’t; 
IN  A  PARTICULAR  RUN  OF  CRANE. 


CRACK  CYCLE 

l.F.NCTM 

.323 F,-n 3  .302E4-OA 
.  R1  EF,— 0  3  .AORE+or 


nELTA  DELTA  TOT.  DELTA  TOT.  nn  ta  rvTp/^  vo, 
CRACK  CYCLF  CE  ACV  CYCLE 

.152F.-I3  . 1  OOE+O  ]  . )  ORE— 0  7  ]  no  ]  ] 

.  2  *> 2 K —  1  3  . 1  OOE+O  1  .)  ORE-07  oooi  ] 


■  't*£r*‘  6  VY  ■  •  o  ■** 


-> 
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Dfl/D 


DELTA. K,  MPfl.SQRTlH) 


FIG.  1  DA/DN  VS  DELTA  K  DATA  FOR  rMnm  THICK 
CCT  SPECIMEN  [R=  +  0.7] 
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Dfl/DN.  IN/CTCLE 


VARIATION  OF  CRACK  GEOMETRY  FACTOR  ft  AS 
FUNCTION  OF  THE  RATIO  CRACK  DEPTH  (a)  TO 
HOLE  DIAMETER  (d) .  (EMBEDDED  CRACK  AND 
THROUGH  CRACK) . 


CRACK  GROWTH  PREDICTION,  USING  WHEELER  RETARDATION, 
FOR  THE  FRAME -BOTTOM  SIMULATION  SPECIMEN  TESTED 
UNDER  THE  F+W  SEQUENCE  (43*80  MPa/g) . 


O' 

o  e 

■ft  -H 
<U  U) 

r-t  O' 
ft  M  C  11! 

•H  JC  -ft  ^ 

•ft  O  S  E  U 

«-(  (0  0  ft  U 

3  l-i  ft  0  >i 

£  u  u 
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